SUMMARY A population based study of 388 cases of bladder cancer including papillomas and 787 controls in Greater Copenhagen confirmed the role of smoking in the aetiology of bladder cancer. Significantly increased relative risks were found for persons who had smoked only cigarettes (RR = 2-9; both sexes combined) and for mixed smokers including cigarettes (RR = 3 6; both sexes combined). Multiple logistic regression analysis showed significant influences of the amount (pack years) of cigarettes smoked and a reduced risk among persons who had stopped smoking. No significant effects of smoking pipe or cigars/cigarillos were apparent, and the present study does not confirm previous suggestions of associations between the smoking of cigars/cigarillos and bladder cancer in Denmark. Only a slight increase in relative risk with the amount smoked was found. The influence of smoking on bladder cancer risk was similar for tumours in stages T1 and T2-4 at diagnosis and also for tumours of grades 1-2 and grades 3-4 at diagnosis.
SUMMARY A population based study of 388 cases of bladder cancer including papillomas and 787 controls in Greater Copenhagen confirmed the role of smoking in the aetiology of bladder cancer. Significantly increased relative risks were found for persons who had smoked only cigarettes (RR = 2-9; both sexes combined) and for mixed smokers including cigarettes (RR = 3 6; both sexes combined). Multiple logistic regression analysis showed significant influences of the amount (pack years) of cigarettes smoked and a reduced risk among persons who had stopped smoking. No significant effects of smoking pipe or cigars/cigarillos were apparent, and the present study does not confirm previous suggestions of associations between the smoking of cigars/cigarillos and bladder cancer in Denmark. Only a slight increase in relative risk with the amount smoked was found. The influence of smoking on bladder cancer risk was similar for tumours in stages T1 and T2-4 at diagnosis and also for tumours of grades 1-2 and grades 3-4 at diagnosis. Clemmesen and Nielsen' suggested in the 1950s that the observed increase in the incidence of bladder cancer (including papilloma) in Copenhagen was due to tobacco smoking. Case-control studies in the second half of the 1950s confirmed the role of smoking. In Copenhagen, Lockwood2 found a clear association between bladder cancer and smoking in particular cigarettes. These early observations supported the finding of bladder tumours in mice after exposure to tobacco tar,3 and numerous studies have reported an increased risk of bladder cancer in humans in relation to smoking, as reviewed by Matanoski.4 While the association with cigarette smoking seems clear, the Some 99% ofthe male and all of the female bladder tumours were histologically verified; 89-4% of all tumours were of the transitional cell type, of which 66-6% were Bergquist grades 0 to 2.7 A total of 61 2% of patients had tumours in stages TA without infiltration or TI with infiltration of subepithelial connective tissue only; 3-6% were T4 tumours, that is, with fixation. The majority of cases were thus investigated in early stages of the disease. Details of the histological grading and T-staging of the tumours is given in table 1.
CONTROLS
Controls were selected at random in April 1979 among the residents ofthe municipalities where the cases were living. The sample was stratified to group match the cases with regard to sex and five-year age groups. As all controls were drawn at the beginning of the study, some had died or moved out of the area when approached for interview during the following two years. Such controls were replaced by drawing new persons at random from the list of residents in the same age and sex groups. Among 1052 controls approached, the overall participation rate was 75 1%, as described previously.'0
INTERVIEWS
Interviews were usually conducted in the individuals' homes by trained interviewers, who used a structured questionnaire to obtain information on known or suspected risk factors for bladder cancer. Included were questions on tobacco smoking, drinking of coffee, tea, and other beverages, use of artificial sweeteners, use of drugs, other medical procedures, previous medical conditions, and occupation.
A smoker was defined as a person who had "ever smoked one cigarette, pipe or cigar daily for as long as three months". If a smoker had regularly smoked cigarettes, pipe, cigars, or cigarillos, he/she was asked the age when he/she had started and the age when he/she had stopped smoking a particular type of tobacco.
STATISTICAL ANALYSIS
The statistical analysis of this unmatched case-control study was done by unconditional maximum likelihood estimation of the parameters of a logistic regression model" using the GLIM package.'2 The consumption of cigarettes, pipe tobacco, cigars, and cigarillos was calculated as pack-years or pack-year equivalents, ie, 20 g (1 pack of cigarettes) tobacco smoked per day in one year. One cigar was counted as 5 g tobacco and 1 cigarillo (or cheroot) as 3 g tobacco, while pipe tobacco was measured directly as quantity consumed per week. The continuous variable for cigarettes was categorised into three different levels to derive category specific relative risk (RR) estimates.
In addition to analysing the data from all cases of bladder cancer, relative risks were also estimated from a logistic regression model in which cases with transitional cell tumours grades 0-2 or 3-4 were compared separately with all controls. Similarly, the relative risks were calculated for development of tumours ofstages TA-T1 or tumours ofTW-T4 ( Table 2 shows that approximately 90% of the adult male and 70% of the adult female population in Mixed, without cigarettes 9-3% 0 5% The corresponding estimates ofrelative risk for men and women separately are for smokers of cigarettes alone: men RR=4-0 (95% CI = 1-9-8-6) and women RR=2-3 (95% CI= 1-2-4-3). For mixed smokers including cigarettes, men RR = 4-6 (95% CI = 2-2-9.5) and women RR=3-1 (95% CI=14-7-1). Nonsignificant increased risks are also noted for pure pipe smokers (RR= 1-9) and for mixed smokers who had never smoked cigarettes (RR= 1-9). The relative risk associated with ever smoking cigarettes is 2-5 (95% CI = 1-8-3-5), for ever smoking cigars or cigarillos 1 -0 (95% CI=0-8-1 -3), and for ever smoking pipe tobacco 1-4 (95% CI = 1-0-1 -8). As numbers are small and as the type of tobacco is identical, smoking of cigars and cigarillos has subsequently been considered jointly. Table 4 shows the estimated regression coefficients of ever smoked (1 = yes, 0= no), stopped smoking
(1 = yes, 0 = no), and the continuous variables of pack The Copenhagen case-control study of bladder cancer years or pack year equivalents, with a logarithmic transformation with a value for never smoked defined as log 0 01. For each model the deviance is given with the degrees of freedom, and this allows one to assess whether insertion or deletion of a variable affects the goodness of fit significantly.
Smokers have a significantly increased risk of bladder cancer (model 1) with RR 3-4 (men: RR = 4-7; women: RR= 2-5), while those who have stopped smoking have a significantly reduced risk (RR= 0.6) compared with current smokers (men: RR = 0-6; women: RR= 0-6). The amount of cigarettes smoked (pack-years) has a significant influence on the fit ofthe model (model 2) as its inclusion leads to a substantial reduction in the effect of ever smoking. Pack-years alone can reduce the deviance by 39 with one degree of freedom, and it is thus a highly significant determinant of bladder cancer risk (model 3). Accounting for the amounts of cigars/cigarillos and pipe tobacco smoked does not improve the fit of the model significantly (model 4), although pipe smoking has a marginally significant effect (model 5). The effect of cigar/ cigarillos smoking is not significant.
Risk of bladder cancer is thus adequately determined by age, sex, ever smoked, stopped The dose response relation also seems less strong in the present study than in a recently reported study from Italy20 but more like the uneven patterns described in the United States13 and England.'9 No exact information has been obtainable from the cigarette manufacturers on the composition of Danish cigarettes, but they consist mainly of flue-cured blond tobacco (Virginia tobacco) with the admixture of air-cured black tobacco for certain brands.
The aetiological role of pipe tobacco or cigars in bladder cancer is not clear. Tables 3 and 4 indicate that pipe smoking increases the risk, although it is of borderline significance ( In conclusion, the present study corroborates the association between smoking and bladder cancer. In both sexes, smoking is the most important determinant of bladder cancer in the present study in which the role of artificial sweeteners, coffee, tea, and beverages, and selected occupations have been reported elsewhere.'0 21 22 In line with previous investigations, there is a suggestion that pipe smoking increases the risk, while previous reports of bladder cancer in relation to smoking of cigars have not been confirmed. The regression coefficient for the models including pack-years or pack-year equivalents, eg, model 5, can be used to estimate the relative bladder cancer risk of persons with various smoking histories. Someone who smokes, for example, one pack (20 cigarettes) daily for 40 years has a 2-7 times higher risk of bladder cancer than a non-smoker calculated as ((40/0-01) 0-12 = 2-7). The similar relative risk for a pipe smoker who has smoked for 40 years is 1-5. Table 2 shows that 89% ofall male controls have been regular smokers. Based on this proportion and the weighted relative risks, it can be calculated that the population attributable risk for smoking23 is 73% among men and 48% among women. This means that some 350 new bladder cancers out of the total number of 420 presently diagnosed in Copenhagen every year24 are potentially preventable by cessation of smoking. The present results give a clear indication that cessation of smoking is indeed associated with a decreased risk of bladder cancer development in individuals.
